
RD-A15@ 993 THE MECHANISMIS OF PHENYLRCETYLENE POLYMERIZATION BY i/i
MOLYBDENUM AND TITANIUM INITIATORS(U) COLUMBIA UNIV NEW
YORK DEPT OF CHEMISTRY T J KATZ ET AL. iB FEB 85 TR-9

UNCLASSIFIED N88814-79-C-0683 F/G 7/3 NEhllE~lllEllE
IIlll



1111 111 13 2 .5__

o-o

.0* . 2.

1111125 1 .

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU Of STANDARDS-1963-A

.

0'.

S'-

r0

K°.



4; ,. ITY CLASSIFICATION O TNIS DAGE f%'hon Does Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

r REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

Technical Report No. 9
4 '7,'!'E fand Subtitle) S. TYPE OF REPORT & PERIOD COVERED

THE MECHA-NISMS OF PHENYLACETYLENE Technical Report

POLYMERIZATION BY MOLYBDENUM AND 6. PERFORMING ORG. REPORT NUMUER

TITANIUM INITIATORS

ILu TMOR(s; S. CONTRACT OR GRANT NUMBER(s)

*Thomas J. Katz, Scott M. Hacker,

R. D. Kendrick and C. S. Yannoni N00014-79-C-0683

ZERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK
TaAREA GI WORK UNIT NUMBERS

,JL Thomas J. Katz

Columbia University Chemistry Department NR 356-726

New York. NY 10027
CONTROLLING OFFICE NAME AND ADDRESS Q2. REPORT DATE

Office of Naval Research - Chemistry February 1S 1985

Arlington, VA 22217 13 NUMBER OF PAGES
13

MONITORING AGENCY NAmE & AODRESS(iI different from Controlling Office) I5. SECURITY CLASS. (of this report)

ISe. DECL ASSIFICATION/ OOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

This document has been approved for public release and sale; its

distribution is unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20. It different from Repor")

1@. SUPPLEMENTARY NOTES

4 To be published in the Journal of the American Chemical Socie .,>--7

3 19. KEY WORDS (Continue on reverse side it necessary and identify by block number)

->OPolvmers Acetylenel m f' 'E
Polymerization, Polyacetylene,

LyJ Catalysis, NMR spectroscopv.--- Mechanism""

L.JZ 20. AJUTRACT (Continue o reverse aide it necessary and identity by block number)

-'Polymerizing phenylacetylene, a few of whose molecules are doubly labeled
by 1 3 C's on the triple bond, gives poly(phenylacetylene) in which the labels

* " are separated by a double bond when the initiator is titanium tetrabutoxide
plus triethylaluminum and by a single bond when it is molybdenum pentachloride
plus tetraphenyltin. This tallies with the idea that the acetylene polyrreri-

zations induced by derivatives of molybdenum are olefin metatheses, while those

indu ad by derivatives of titanium are acetylene insertions., The locations of

the fC nuclei were anal\v7e ' ,. :-p R ectrosco."y.( , " y. " Y',A

OD F-AN73 1473 EDITION OF I NOV 65 15 OBSOLCTE K tC I _\ ,

8 5 c~ 7C?22 02 SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

DD 5 002



OFFICE OF NAVAL RESEARCH

Contract N00014-79-C-0683

Task No. NR 356-726

TECHNICAL REPORT NO. 9

The Mechanisms of Phenylacetylene Polymerization

by Molybdenum and Titanium Initiators

by

Thomas J. Katz, Scott M. Hacker, R. D. Kendrick and C. S. Yannoni

Prepared for Publication

in the

Journal of the American Chemical Society Acession For

DTIC TAB
Unannounced Q
JuStificatio

By --

Columbia University Distribution/

Department of Chemistry Availability Codes

New York, New York Avail and/or

DIst / Special

February 18, 1985

'Reproduction in whole or in part is permitted for

"0 any purpose of the United States Government

This document has been approved for public release

and sale; its distribution is unlimited

6 . -'. " " .. - . , " -- '' . . '.''. , . " " ' .' . .. i-" , " i ' , -



Revised

The Mechanisms of Phenylacetylene Polymerization

by Molybdenum and Titanium Initiators

,

Thomas J. Katz and Scott M. Hacker

Department of Chemistry

Columbia University

New York, New York 10027

,
R. D. Kendrick and C. S. Yannoni

IBM Research Laboratory

San Jose, California 95193

Abstract. Polymerizing phenylacetylene, a few of whose molecules are

doubly labeled by C's on the triple bond, gives poly(phenylacetylene) in

which the labels are separated by a double bond when the initiator is

titanium tetrabutoxide plus triethylaluminum and by a single bond when it is

molybdenum pentachloride plus tetraphenyltin. This tallies with the idea

that the acetylene polymerizations induced by derivatives of molybdenum are

olefin metatheses, while those induced by derivatives of titanium are

13
acetylene insertions. The locations of the C nuclei were analyzed by

nutation NMR spectroscopy.
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We are reporting that while phenylacetylene, a few of whose molecules

are doubly labeled by 13C's on the triple bond, is polymerized by some

catalysts including titanium tetrabutoxide plus triethylaluminum to give

poly(phenylacetylene) in which the labels are separated by a double bond (eq

1), when the initiator is molybdenum pentachloride plus tetraphenvltin, the

labels are separated by a single bond (eq 2). This tallies with the idea

that derivatives of molybdenum are effective Initiators of both olefin

Ti (On-C4H) 4  
C6H5 C6H5

C6 H CCH etc (1)
(C2 H5)3 A I etc

C6H5CH 3  CH 5
IN C6S C6H5

CHCECH MOC 5  et C6H5 C6H5(2)
(C4 H5 )4 Sn * - etc
CHSCH 3  c4 H5

metatheses 1 ,2 and acetylene polymerizations, '4 not by coincidence, but

because the acetylene polymerizations they induce are olefin metatheses (eq

3).5'6 In contrast, the titanium initiated acetylene Polymerizations--both

4 the one reported here and one reported earlier, in which titanium tetra-

7butoxide plus triethylalLuninum polvmerized unsubstituted acetylene --- seem

to follow an insertion mechanism like that believed to apoly to the

titanium-catalyzed polymerization of ethylene.

+M MIM/- C6 H5  etc()

C6H5 C6H-5  C6 H5  C6 H5

... . ..-/ -.: - -i. . -:. ;., -' -...•- - .-. j- ;.-- -: - -. -.. .. .
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Whether the labeled carbons are separated in the polymers by single or

by double bonds was analyzed by nutation NMR spectroscopy. 7 ,9 Thus the

spectra displayed in figure I exhibit Pake doublets, produced by the

13
dipole-dipole interaction of adjacent C nuclei, that are separated by

2196 Hz in a sample prepared with the titanium catalyst and by 1765 Hz in

one prepared with the molybdenum catalyst. The best theoretical simula-

tions, also displayed in the figure, correspond in the first sample to 91 2

of the carbons being separated by 1.36 A, and 9 % by 1.48 A. In the second

sample (made with the molybdenum catalyst), the analysis is optimized if

88 % of the carbons are separated by 1.48 A and 12 % by 1.36 A. The only

parameters in the theoretical simulations are the two bond lengths, the

fraction of the bonds having these lengths, and a natural width (75 Hz) for

lines assumed to be Lorentzian.9 The accuracy of the nutation method and

fitting procedure is demonstrated by the measured C-C length for acetic acid

9agreeing with X-ray diffraction measurements within 0.7 2, by the C=C

length in phenylacetylene agreeing with microwave measurements within

* 10
1.8 %, and by the single- and double-bond lengths analyzed above agreeing

with those (averaging 1.47 + 0.01 A and 1.35 + 0.01 A) determined for a

variety of polyenes.

7,q
The nutation experiments were carried out as described previously.

13 1. 13The C magnetization (at 15 MHz) was generated by an H- C cross

12
polarization sequence using a 40 kHz Hartmann-Hahn match, and oroton

broadening was then removed during data acquisition hy a strong (2.5 mT)

60 MHz decoupling field. The nutation excitation sequence was the same for

both samples: an 8 ;sec carbon transmitter pulse (3.6 mT rotating compo-

nent), followed by a 9.9 usec delay and a 7 usec receiver window. The

carbon carrier frequency was kept close to the center of the spectrum in the

0-""
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laboratory frame. The temperature of the samples was 77 K.

1313 1hephenylacetylene .(93 % cot 4 % C2 ) was polymerized by combiningThephnlcten (9% C 4%13 3

it in toluene either at -20 0C for 3 h with MoCI5 plus (C6Hh)4 Sn (1/100

equivalents each, previously incubated for 10 min at room temperature)14 '1 5

or at 0 °C for 4.5 h with titanium tetrabutoxide and triethylaluminum (1/50

and 4/50 equivalents, previously incubated for 20 min at room tempera-

16
ture). The polymers were purified by repeatedly dissolving them in cold

chloroform and precipitating them with methanol, and they were then dried at

I-35 *C for 12 h. The yields were 28 and 4 %, respectively, and the H NMR

spectra were characteristic of 97 % and 75 % "cis" (E) materials.
17' 18

For the experiments to succeed with the catalysts containing molybdenum

pentachloride, the poly(phenylacetylene) samples had to be prepared,

purified, and maintained below 0 *C. When they were prepared at room

temperature, the spectra exhibited prominent peaks characteristic of 13C's

separated both by single and by double bonds, implying that the positions of

the double bonds, which remain fixed in the cold samples, move on

7b,17,19 14
warming. When WCl6 was substituted for MoClh, it was impossible,

even with samples prepared at -20 *C,2 0 to distinguish whether equations I

or 2 applied, for the intensities of the two kinds of peaks were similar.

When the Casey metal-carbene (pentacarbonyl(diphenylmethylene)-

6a 21
tungsten) ' or the Fischer metal-carbvne [trans-bromotetracarbonvl-

18,22(phenylmethylidyne)tungsten] 8  was used as the initiator, the experiments

did distinguish the alternatives, but the results were unexpected and are at

present unexplained. The composition of the polymers was essentiallv the

23
same as when the titanium-containing mixture was the initiator.

However, that the titanium- and molvbdenum-initiated reactions seemingly

follow different paths agrees with the observation that compounds of

I; . " . ° • i " . " . . . .. " " -- - " .,.
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titanium, unlike those of molybdenum, are only marginally effective in

24
bringing about olefin metatheses. It might also account for another

distinction, in selectivity, that the literature seems to reveal: that

titanium-containing initiators are more effective than those containing

molybdenum in polymerizing unsubstituted acetylene,2 7 whereas the reverse is

*.. . true for substituted acetylenes.b 2 8
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Figure Caption

13
Figure 1. IC NMR nutation spectra of poly(phenylacetylene) at 77 K.

(a) Sample prepared according to equation 1. The cross polarization time

was 0.5 ms and the recycle time Is. The number of scans was 144000.

(b) Sample prepared according to equation 2. The cross polarization time

was 1.0 ms and the recycle time 0.5 s. The number of scans was 115200. The

dotted curves are simulated spectra, calculated as described in the text.

The center peaks, due to isolated 13C nuclei, have been cropped for clarity.

The inner and outer pairs of dashed lines mark, respectively, the peaks of

curves arising from 13C's separated by single and double bonds.
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